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Fig. 1 The numbers of legionellosis cases2009 ~ 2013  
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longbeachaeL. bozemaniiL. micdadei ²' L. dumoffii ƪ%ǓƤ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"#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ţ3 %ţ04 EPS w! Legionella ñƷǓ&ÚŖ101$ EPS 6
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3ƷǓ&biofilm 6Ăĕ3"!Þƍ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Fig.  2  Life  cycle  of  Legionella  spp.  in  environments.  L  pneumophila  biofilm 
development  occurs  through  several  key  steps:  1;  adhesion,  2;  microcolony 
formation and extracellular matrix secretion, 3; biofilm maturation and dispersion. 
The  course  of  L.  pneumophila  infection  can  be  divided  into  key  steps:  1;  L. 
pneumophila  adhesion  to  and  invasion  of  the  host  cell,  2;  formation  of  the 
replication-permissive vacuole, 3; intracellular replication, 4; host cell division and 
evasion from phagocyte.
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ơƨ04 #
 őƋ1 38)&ưÌǎþŇŁÓŵªȟClinical and Laboratory Standards 
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 ¸ƤƷǓ²
'ƛǓ$í3ęǓŦĎ6Ǧ1ƺľǞĩ%áż²'¹ĕțĪ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6Ƣ"İ1"# 38, 39) 41%w!.Ɓ$áżțĪ oakmoss  
L. pneumophila $í1 ƁƏƕ$ȝęǓŦĎ6Ķ3"Ƣ04 40)  
 Oakmoss &wâ1«fokPW$ ǏƉ1 3ň%ĸ$ƜƉ3
ÏǛȘ Evernia prunastiri (L.) Arch. 6\mKmƞŞ<oQi²'9iDoi
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 úýƊ04 3 ĺƟƥ!&oakmoss "%½Ķĕ% Legionella 
ñƷǓ$í3ęǓŦĎ$ƜƖ1oakmoss $½*43ęǓĕ%¬Ȓ²'
%ŊǷǣļ"$¬Ȓ1¨¹ƀ$ Ũǻ²'  biofilm   L. 
pneumophila $í3ęǓŦĎL. pneumophila % biofilm Ăĕ$í3ăȕ
êx9doV$í3ŗ9doVŦĎ²' L. pneumophila %9doV(%
´Ǵ+$í3ăȕ$ Ǧ1  
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ð  1 ï ÔĴ¬  oakmoss µ¦q uįXuįt~Ö  
Legionella ÷ċ.§ċË¤ęg  
 
 ÎÈ, 40)+-ÔĴ¬ oakmoss  L. pneumophila ×ßãĶ
§ċË¤2ë±,
/ 
oakmoss ! ¦q2
'ÔĴ¬-L. pneumophila §ċË¤2ë¦q!±,

/ , oakmoss  !äă¥f¤2ë¦q%/.
/	- 42–45)oakmoss Će21 %%ÍÆČ¡Û.!
 1 (äă¥f¤2ë¦q īw2( oakmoss %/.¦q
2uį1/, ¿ĢĖ¹2ĎoL. pneumophila 2!(. 
Legionella ÷ċ×ßã§ċË¤2ë¦q2±,
.2
Ě&  
 
ð  1 ò Oakmoss %/.§ċË¤¦q uįóĐ¿ĢĖ¹  
 
 Oakmoss %/.t~Ö uįóĐ!ĐĢm ß.  2 íĳ  
oakmoss (Absolute Mousse De Chene SelectaOM 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 OM %/.¦q!<T0ģ:VNC;RI5Y¨py"Ġ8
RO2Û HPLC +-óĐ %OMAT  &%/.¦q!
>S8<T8RO:VNC;RI5YĠ8RO2Û HPLC +-ó
Đ 1 úºOM +- 19 í t~Ö OMAT +- OM !%/
 1 í t~Ö ė 20 í t~Ö2uį uį/, t~Ö!
EI−MS  NMR Ė¹+-¿Ģ2É t~Ö 9  20 2ī 18 í 
t~Ö! ğ À0/) phenoldidepside y" isochromen ěe
.°èt~Ö.±,
  
 ­ēt~Ö.¢1/.t~Ö 9 !EI−MS Ė¹ úº
,q67
WHY: m/z 288.1020½p/1 q! C16H16O5 .ë
/ %UV ?J:CT (acetonitrile) ! λmax (ε) 219 (19800)268 (16200) 
y" 302 (6180) nm ½p/ IR ?J:CT (KBr) !νmax 33242926
166114581300 y" 1169 cm−1 2ëÈĥ8TLET 
±,
 t~Ö 9   1H−  13C−NMR Ė¹ úº2 Table 1 ë
 13C−NMR Ė¹ (125 MHzmethanol−d4) !2 · ĉĴ¯PBTÜ
¸.Óö (δC 24.821.5)5 · ĉĴ¯PBWÓö (δC 102.0106.1113.1
113.6115.7)7 · ĉĴ¯ 4 õÓö (δC 105.2144.7144.7152.3162.0
165.0166.6)1 · PC9>Ü¸.Óö (δC 55.9) y" 1 · 8TL
ETÜ¸.Óö (δC 171.5)  >;DTĕ/ 1H−NMR Ė¹ 
(500 MHz, methanol−d4) !2 j ĉĴ¯PBT Èö (δH 2.24s; 2.47s)
5 j ĉĴ¯Èö (δH 6.06dJ = 2.4 Hz; 6.18dJ = 2.4 Hz; 6.48m; 6.51
m; 6.59m) y" 1 j PC9> Èö (δH 3.69s)  >;DTĕ/
 ,1H−13C heteronuclear multiple bond connectivity (HMBC) Ė¹ úº
Table 1 ëÀåĨĕ/
,t~Ö  9 ! 
3-methoxy-5-methylphenyl 2,4-dihydroxy-6-methylbenzoate .2±,

 11 
 (Fig. 4)  
%t~Ö 9 À­ēt~Ö.¢1/.t~Ö 20 !
EI−MS Ė¹ úºq67WHY: m/z 468.2176 ½p/1 q
! C27H32O7 .ë/ UV ?J:CT (acetonitrile) !λmax 
(ε) 211 (14700)246 (34300)279 (7670) y" 324 (5160) nm ½p/ %
IR ?J:CT (KBr) ! νmax 340529582931285716971600
14631359 y" 1164 cm−1 2ë t~Ö 20   1H−  13C−NMR Ė¹
 úº2 Table 2 ë 13C−NMR Ė¹ (125 MHz, acetone-d6) !2 j
 PBTÜ¸.Óö (δC 14.214.1)9 j PBUWÓö (δC 44.342.5
33.731.931.827.223.923.023.0)5 j ĉĴ¯PBWÓö (δC 109.9
104.8103.6103.2102.0)9 j ĉĴ¯ 4 õÓö (δC 164.5162.8159.0
156.2151.1142.9133.8130.8102.5) y" 2 j 8TLETÜ¸
.Óö (δC 207.0159.3)  >;DTĕ/ 1H−NMR Ė¹ (400 MHz, 
acetone−d6) !2 j PBT Èö (δH 0.92tJ = 7.0 Hz; 0.82tJ = 7.4 
Hz)9 j PBUWÈö (δH 3.54s; 2.48tJ = 7.6 Hz; 2.38tJ = 7.4 Hz; 1.68
m; 1.39m; 1.38m; 1.36m; 1.19m; 1.10m) y" 5 j ĉĴ¯Èö (δH 6.47
s; 6.46s; 6.33s; 6.27s; 6.08s)  >;DTĕ/ HMBC Ė¹ ú
ºTable 2 ëÀåĨĕ/
,t~Ö  20 ! 
8-(2,4-dihydroxy-6-(2-oxoheptyl)phenoxy)-6-hydroxy-3-pentyl-1H-isochromen-1-one 
.2±,
 (Fig. 5) uįt~Ö 9  20 !0/)­
ēt~Ö  
[Ę  2 t~Ö2(uį$ t~Ö  IUPAC  (Zć)
zĦy"zØ2 Table 3 }t~Ö ¿Ģ2 Fig. 6 ë ·êî	
OM  OMAT 
, 20 í t~Ö2uįóĐ. /,
 t~Ö!t¿Ģ+-phenol ěe 12 t~Ö (1234678
 12 
1113151819)didepside ěe 4 t~Ö (591016) y" isochromen 
ěe 4 t~Ö (12141720) qĳ/  
 
 
 
 
No.
13C Chemical shift 
(ppm)
1H Chemical shift!
(ppm)
1H-13C correlation
observed in HMBC
1 105.2 !  
2 165.0 !  
3 102.0 6.06 (1H, d, J = 2.4 Hz) C-1, C-2, C-4, C-5
4 166.6 !  
5 113.1 6.18 (1H, d, J = 2.4 Hz) C-1, C-3, C-8
6 144.7 !  
7 171.5 !  
8  24.8 2.47 (3H, s) C-1, C-5, C-6
1’ 152.3 !  
2’ 106.1 6.48 (1H, m) C-1’, C-3’, C-6’
3’ 162.0 !  
4’ 113.6 6.59 (1H, m) C-2’, C-6’
5’ 144.7 !  
6’ 115.7 6.51 (1H, m) C-1’, C-2’, C-4’, C-7’
7’  21.5 2.24 (3H, s) C-4’, C-5’, C-6’
8’  55.9 3.69 (3H, s) C-3’
Table 1  1H− and 13C−NMR data for novel compound 9 in methanol-d4
HO OH
O
O
O1
2
3
4
5
6
7 1’
2’
3’
4’
5’
6’
7’
8’
8
Fig. 4 Chemical structure of a novel compound 9.
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No.
13C Chemical shift 
(ppm)
1H Chemical shift!
(ppm)
1H-13C correlation
observed in HMBC
1 159.3 !  
2 ! !
3 159.0 !  
4 103.2 6.27 (1H, s) C-3, C-4a,  C-5, C-8a, C-9
4a 142.9 !  
5 104.8 6.46 (1H, s) C-4, C-6
6 164.5 !  
7 102.0 6.08 (1H, s) C-5, C-8, C-8a
8 162.8 !  
8a 102.5 !  
9  33.7 2.48 (2H, t, J = 7.6) C-3, C-4, C-10, C-11
10  27.2 1.68 (2H, m) C-3, C-11, C-12
11  31.8 1.39 (2H, m) C-12
12  23.0 1.38 (2H, m) C-11
13  14.2 0.92 (3H, t, J = 7.0) C-11, C-12
1’ 133.8 !  
2’ 151.1 !  
3’ 103.6 6.47 (1H, s) C-1’, C-2’, C-4’, C-5’
4’ 156.2 !
5’ 109.9 6.33 (1H, s) C-1’, C-3’, C-4’, C-7’
6’ 130.8 !
7’  44.3 3.54 (2H, s) C-1’, C-5’, C-6’, C-8’
8’ 207.0 !  
9’  42.5! 2.38 (2H, t, J = 7.4) C-8’, C-10’, C-11’
10’  23.9 1.36 (2H, m) C-8’, C-9’
11’  31.9 1.10 (2H, m) C-12’
12’  23.0 1.19 (2H, m) C-10’, C-11’, C-13’
13’  14.1 0.82 (3H, t, J = 7.4) C-11’, C-12’
Table 2  1H− and 13C−NMR data for novel compound 20 in acetone-d6 
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Fig. 5 Chemical structure of a novel compound 20.
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<Phenol derivatives>!
1!
!
2!
!
4!
!
6!
!
8!
!
11!
: R1=H!
  R2=OH!
: R1=H!
  R2=OCH3!
: R1=COOCH3!
  R2=OH!
: R1=COOCH2CH3!
  R2=OH!
: R1=COOCH(CH3)2!
  R2=OH!
: R1=COOCH2CH3!
  R2=OCH3!
7!
18!
: R=COOCH3!
: R=H!
3!
13!
15!
19!
: R=H!
: R=COOCH2CH3!
: R=COOCH(CH3)2!
: R=Cl!
5!
!
9!
!
10!
!
16!
!
: R1=OH!
  R2=OH!
: R1=OH!
  R2=OCH3!
: R1=OCH3!
  R2=OH!
: R1=OCH3!
  R2=OCH3!
<Didepside derivatives>!
12!
14!
!
17!
!
20!
: R1=OH!
  R2=(CH2)4CH3!
: R1=OCH3!
  R2=(CH2)4CH3!
: R1=OH!
  R2=CH2CO(CH2)4CH3!
<Isochromen derivatives>!
Fig. 6 Chemical structures of the compounds isolated from OM and OMAT. 
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ð  2 ò Oakmoss   oakmoss 
,uįt~Ö  Legionella ÷ċ
.´âÿĩÃÒ  (MICs) ´ÅċÒ  (MBCs) 
 
 2 íĳ  oakmoss (OM   OMAT) +-uį  20 í t~Ö  L. 
pneumophila y"1 b  Legionella ÷ċ.§ċË¤2ęg  
 L. pneumophila čÎ ß.ąqį¼ 2 ¼ (SG 1  SG 6) 
Ùqį¼ 1 ¼.§ċË¤ęg úº2 Table 4 ë ÇĞÕ
ÖĜ° ÍÆČ. chlorhexidine gluconate (CHG) y"í ÷
ċ§ċË¤2ëÔĴ¬°/. cinnamic 
aldehyde (CA) 33, 34, 46, 47) 2Û Oakmoss +-uį 20 í t~Ö  L. 
pneumophila .´ÚÿĩÃÒ  (minimum inhibitory concentration; 
MIC) !  0.8 ~ 256.0 µg/mL -´ÅċÒ  (minimum bactericidal 
concentration; MBC) ! 1.7 ~ > 256.0 µg/mL  /, 20 í t~Ö 
`didepside ěe (t~Ö 591016)  isochromen ěe (t~Ö 
12141720) !ąy"Ùqį $  L. pneumophila Ķ
§ċË¤2ë1  MIC l! CA   MIC l+-)dl ×
t~Ö 12  14   MIC l!CHG  1/ì dl 
/, t~Ö  MBC l!L. pneumophila JCM7571  JBCC005   2 ċ
¼!À §ċË¤FAYW (MIC l 1 ~ 5 k l) 2ë
1 l! CA  1/+-)dl L. pneumophila GTC00748 
.1/, t~Ö  MBC l!didepside ěe (t~Ö 5910)  
isochromen ěe (t~Ö 121420) !rğ  2 ċ¼À §ċË
¤FAYW2ë 
didepside ěe t~Ö 16  isochromen ě
e t~Ö 17   MBC l!o > 256.0 µg/mL -L. pneumophila 
GTC00748 ÅċË¤2ë
  
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 ÂL. bozemaniL. dumoffiiL. longbeachae y" L. micdadei .§
ċË¤2ęgúº2Table 5 ë /, ċ¼!GC
áv¤2ëąqį¼-L. pneumophila Â¥»ý«
/.ċ¼. 1 úºuį 20 í t~Ö /, ċ¼
. MIC l MBC l!1// 0.1 ~ 256.0 µg/mL  0.5 ~ > 256.0 
µg/mL  L. pneumophila .§ċË¤Àdidepside ěe 
(t~Ö 591016)  isochromen ěe (t~Ö 12141720) !
/, ċ¼) CA +-d MIC l MBC l2ëCHG  Ë
¤ì Ķ§ċË¤2ë ×t~Ö 12  14   MIC l!
1// 0.1 ~ 1.0 µg/mL  1.0 ~ 2.0 µg/mLMBC l! 0.5 ~ 4.0 µg/mL 
1.3 ~ 2.7 µg/mL -_t~Ö!$ ċ¼Ķ§ċË¤2ë
 %didepside ěe.t~Ö 16   L. micdadei IID3044 . 
MBC l! > 256.0 µg/mL -b t~Ö!ß.§ċ?J:CT2ë
  
 Oakmoss !L. pneumohila c ;ROĬ¤÷ċy";ROĭ¤÷ċ
§ċË¤2ë/. 39)oakmoss +-uį
t~Ö)Ěĵ;ROĬ¤÷ċ (E. coli  P. aeruginosa) ;ROĭ¤÷
ċ (B. subtilis  S. aureus) §ċË¤2ë (MIC l > 
256.0 µg/mL) ±,
  
 /, úº+-oakmoss  oakmoss +-uįt~Ö!Legionella 
÷ċ &×ßã§ċË¤2ë±,
 
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 L. pneumophila L. pneumophila L. pneumophila
 JCM7571 GTC00748 JBCC005
 MICa) MBC a) MICa) MBC a) MICa) MBC a)
Natural fragrance ingredients
  OM 10.7  32.0  16.0  96.0  16.0  24.0 
  OMAT 10.7  42.7  16.0  96.0  16.0  26.7 
Phenol derivatives
  1 213.3  > 256.0 256.0  > 256.0 128.0  213.3 
  2 213.3  > 256.0 128.0  256.0  96.0  106.7 
  3 128.0  234.7  128.0  234.7  128.0  170.7 
  4 106.7  213.3  85.3  234.7  64.0  74.7 
  6 32.0  64.0  42.7  128.0  32.0  32.0 
  7 21.3  53.3  26.7  106.7  24.0  32.0 
  8 26.7  32.0  32.0  85.3  16.0  32.0 
  11 106.7  > 256.0 > 256.0 n.t. f) > 256.0 n.t. f)
  13 16.0  > 256.0 32.0  > 256.0 26.7  53.3 
  15 8.0  256.0  24.0  256.0  13.3  13.3 
  18 74.4  192.0  128.0  > 256.0 192.0  256.0 
  19 32.0  117.2  64.0  234.7  85.3  128.0 
Didepside derivatives
  5 8.0  16.0  8.0  42.7  4.0  8.0 
  9 8.0  16.0  5.3  37.3  1.5  5.3 
  10 4.0  8.0  4.0  21.3  1.0  1.0 
  16 8.0  32.0  7.3  > 256.0 2.7  3.3 
Isochromen derivatives
  12 1.7  8.0  1.0  8.0  0.1  0.5 
  14 2.0  3.0  1.5  1.7  1.8  2.7 
  17 6.7  21.3  42.7  > 256.0 8.0  21.3 
  20 8.0  17.2  13.3  21.3  8.0  29.3 
Reference compounds
  ABPCb) 4.0           4.0 n.t. f) n.t. f) n.t. f) n.t. f)
  CAMc) 0.04  3.0  0.02  0.9  0.02  0.1 
  CHGd) 0.8  0.8  0.8  0.8  1.0  1.2 
  CAe) 48.0  64.0  64.0  96.0  64.0  64.0 
a)  MIC  and  MBC  values  (μg/mL)  are  means  obtained  from  three  independent 
experiments. b) Ampicillin, c) Clarithromycin, d) Chlorhexidine gluconate, e) Cinnamic 
aldehyde, f) n.t.; not tested.
Table 4  Antibacterial activities of compounds isolated from oakmoss against Legionella!
pneumophila strains
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ð  3 ò Oakmoss 1 µ¦qĒp/­ēt~Ö  9   
20  §ċfÛĖ¹  
 
 Oakmoss  oakmoss 
,uįt~Ö!L. pneumophila 2!(
 Legionella ÷ċ×ßã§ċË¤2ë 1/, `
oakmoss ×Ķ§ċË¤2ë­ē didepside ěe (t~Ö 9) y
"­ē isochromen ěe (t~Ö 20)  ù²ã§ċfÛ2Ė¹.(
L. pneumophila JCM7571 2Û time-kill assay 2Ď Figure 7 ë
ÀOM x! OMAT 2 L. pneumophila  1 × MIC x! 2 × MIC  
Ò³İúº³İ 1 ²ħ  Úċ«!³İr Úċ«Ç$ 10-2 ~ 
10-3 k ÏĒ,/ 2 × MIC  Ò	Úċ«!ù²ãÏ
48 ²ħ 	)Úċ«!½pĪÞc\!,
 1/
t~Ö 9  ³İ!2 × MIC  Ò	³İ 1 ²ħ !Úċ«
½pĪÞc\ 
1 × MIC  Ò!Úċ«!ù²ãÏ
48 ²ħ 	)Úċ«!½pĪÞc\!,
 %
t~Ö 20 !1 × MIC  2 × MIC  _Ò ³İ	³İ 1 ²ħ
 Úċ«!£ÑÏ1  Úċ«!ù²ãÏ24 ²ħ !Ú
ċ«½pĪÞc\  
 /, úº
,oakmoss ! 48 ²ħ 	) L. pneumophila  Úċ
«½pĪÞc\!,0L. pneumophila ıċãfÛ.
±,
 Z®t~Ö 9  20 !1 × MIC x! 2 × MIC  Ò
 ³İ+é²ħ L. pneumophila  Úċ«½pĪÞc\

,L. pneumophila ÅċãfÛ2ë±,
  
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Fig.  7  Time-kill  curves  for  Legionella  pneumophila  JCM 7571 in  the 
presence of 1 × MIC ( ) and 2 × MIC () (A) OM, (B) OMAT, (C) 
compound 9,  and (D) compound 20.  Closed circles ()  represent the 
positive control. The MIC values were OM; 10.7 μg/mL, OMAT; 10.7 
μg/mL, compound 9; 8.0 μg/mL and compound 20; 8.0 μg/mL.
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ð  4 ò ©ü  
 
 ·ï!Legionella ÷ċ×ßã§ċË¤2ëÔĴ¬ 
oakmoss 
,1 µ¦q2uį1/, ¿Ģ2±,
.o
Legionella ÷ċ.§ċË¤2ęg  
 2 íĳ ÔĴ¬ oakmoss +-20 í t~Ö (OM +- 19 í OMAT 
+- 1 í t~Ö) 2uį1 ¿Ģ2É 1 `t~Ö 9  20 
!0/)­ēt~Ö  3-methoxy-5-methylphenyl 2,4-dihydroxy-6-methyl 
benzoate  8-(2,4-dihydroxy-6-(2-oxoheptyl)phenoxy)-6-hydroxy-3-pentyl-1H- 
isochromen-1-one .2±,
 OM +-uį 19 í t~
Ö zØ ~ė!m Ě¬  30% ì OM   LH−20 8RO2Û
<T0ģ:VNC;RI5Y+.qÝ ĮÁĂ!ĊĈ ÖĜç
methanol È2ÛÊÌ	)nÐp.!]|ā
 /, ÖĜ!tar ñ ĶqĦÖĜ.ü,/. Oakmoss 
!·êîuįX/t~Öc) Ķqt~Ö%/
.¢1/.  
 Oakmoss +-uįt~Ö`atranol (t~Ö 3)chloroatranol (t~Ö 
19)atraric acid (t~Ö 7)everninate (t~Ö 11)haematommate (t~Ö 13)
orsellinates (t~Ö 468) y" lecanorin (t~Ö 5) !oakmoss  oakmoss 
 av¬. Evernia prunastri (L.) Arch. ¨pÖ%/.è,/
	- 48–51)/, t~Ö;ROĭ¤÷ċĬ¤÷ċy"æċ§ċ
Ë¤2ë/. 52, 53) 
/, oakmoss %/.¦
q  Legionella ÷ċ.§ċË¤!/ ·êî	
oakmoss +-uį 20 í t~Öąy"Ù+-qį/ 
Legionella ÷ċ.§ċË¤2ęg Phenol ěe!/%
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);ROĬ¤÷ċ§ċË¤2ë/. 52, 53)
Legionella ÷ċ. MIC l ®dl2ë	-Legionella ÷
ċ ®/, t~ÖĶ¥{¤2ëë/ 
Didepside ěe (t~Ö 591016)   Legionella ÷ċ.§ċË
¤!oakmoss %/. didepside ěe `;ROĬ¤÷ċy";RO
ĭ¤÷ċ.§ċË¤2ë/. atranirin51)+-)
)  %t~Ö 16 2ī 3 í t~Ö!$  Legionella 
÷ċĶÅċsº2ët~Ö  16 !  L. pneumophila 
GTC00748  L. micdadei IID3044 Åċsº2ë
 Fujikawa 
, 54) !Parmelia spp. +-uį atraric acid  orsellinatesCetrelia spp. +
-uį olivetonide   Lactobacillus spp. .§ċË¤2. 
·êî	)oakmoss +-uį olivetonide (t~Ö 12) 1 b  
isochromen ěe  3 í t~Ö  (t~Ö  141720) !$  
Legionella ÷ċ§ċË¤2ë 
didepside ěe 
t~Ö 16 Àt~Ö 17 ! L. pneumophila GTC00748 Åċs
º2ë
 t~Ö 16  17   Legionella ÷ċ.§ċË¤ 
!L. pneumophila  čÎ Ĥx! Legionella ÷ċ ċí ĤĨ
h.) ü,/  
 ·êîÛ  2 íĳ  oakmoss 
,uį  20 í t~Ö!
Legionella ÷ċc ;ROĬ¤÷ċ;ROĭ¤÷ċĚĵÒ
!§ċË¤2ë
 ;ROĬ¤÷ċ!×ÄĄ2µ.
÷ĀďĲĔÈ¤i/. ;ROĬ¤÷ċ!Ą. porin 
proteins (dq ĔÈ¤t~Ö!ġģ.) +-àÈ¤t~Ö2ċe#
ªp.
,ZćãàÈ¤t~Öþ¤2ë Ą àÈ¤
 ~!AWF:ĜSWĂĜy" lipopolysaccharides (LPS)  ¦q
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+É/Legionella ÷ċ Ą!b ;ROĬ¤÷ċ Ą+-
)àÈ¤.è,/. 55–58) ×L. pneumophila (SG O1)   LPS 
  O−polysaccharide chain!b ;ROĬ¤÷ċ 1/2¿¦.ô+-)È
ĥ « 5-acetamidino-7-acetamido-8-O-acetyl-3,5,7,9-tetradeoxy-D- 
glycero-D-galacto-non-2-ulosonic acid (legionaminic acid)  KQMSNY
,
-%4@BTt/=4¿Ģ2µ.
,+-ĶàÈ¤2ë
/. 59–62) /, 
,Legionella ÷ċ Ą!b
 ;ROĬ¤÷ċ Ą+-)ĶàÈ¤2µ  oakmoss  
oakmoss 
,uįt~Ö. Legionella ÷ċ Ķ¥{¤Ĩ^
.ë/  
 Oakmoss Legionella ÷ċĶ§ċË¤2ë didepside ě
ey" isochromen ěe `­ēt~Ö 9  20 Time-kill 
assay +.§ċfÛĖ¹2Ď 1 úºoakmoss (OM  OMAT) !
é²ħ ³İ+-£ÑÚċ« Ïĝ 48 ²ħ %û*

Úċ«!Ï´ øãÚċ«!½pĪÞc\!,
 %
­ēt~Ö 9  20 !é²ħ ³İÚċ«£ÑÏ 24 ²ħ
 !Úċ«!½pĪÞc\  
,, t~Ö) L. 
pneumophila ÅċãfÛ2µ.ë/ Oakmoss !t
~Ö 9  20 2!(ÅċãfÛ2µ.t~Ö2đ«3.
1 µĦ!¾(oakmoss  ë§ċË¤!uį 20 í
 t~Öy"1 b ¶è t~Ö đ~ãfÛ+.) .ë
/  
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Ð  2 Ï Oakmoss   oakmoss 	+eúdi»  L. pneumophila   
biofilm ~-ý  biofilm \  L. pneumophila ~
-ß²åU  
 
 Legionella ×ß!Ü¸g"MÀrJ biofilm /º
 biofilm JÁ-ßR!´­à~/Ì 63–65)  
	+E73>CÅö©~Ò/ÈÇ´­à!Legionella ×ß  
biofilm /_-+ biofilm ~-Āíñ/
biofilm \Á- L. pneumophila ~-ß²/Æ-
°(
+.- oakmoss  kdi»  L. pneumophila   biofilm 
~-ýg" biofilm \ L. pneumophila ~-ß²/åU  
 
Ð  1 Ó L. pneumophila   biofilm ~-ý  
 
 Oakmoss   oakmoss 	+eúdi»  L. pneumophila JCM7571   
biofilm ~-ý/åU Ø£/ Fig. 8 ~ 11 Ì  
 ®ë~¹»ê clarithromycin (CAM)CHG g" CA /Â CAM 
/!(@6FC1<ÕÁ»êCHG g" CA !Q·×ß/
]¿-×ß  biofilm  /_-
pl.- 66–71) L. 
pneumophila  CAM/ 0.0625 ~ 0.5 × MIC  ·ûØ£·Tz
Ç biofilm /_0.5 × MIC  ·/ûqi  biofilm 
¾! ]¿ qi®ë 47.0 ± 8.5% ¶ (Fig. 8) 	L. 
pneumophila ~Āß²/Ì	N ×ß  biofilm 
_c£
pl.- CHG  CA !æþ$ · L. 
pneumophila   biofilm ~ý/Ì	 L. pneumophila ~
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¼ÃÇß²/Ì oakmoss (OM  OMAT) /ûØ£!
Lh·TzÇ L. pneumophila   biofilm ¾!sb0.5 × 
MIC  ·/µb  biofilm ¾! ]¿ qi®ë 136.8 ± 
18.9%  132.9 ± 15.9% sb  
 Goakmoss  ^- didepside éR/ûØ£di» 9
10 g" 16 
·TzÇ L. pneumophila   biofilm /_ (Fig. 
9) ¼di» 9  16 / 0.5 × MIC  ·µbqi  biofilm 
¾! ]¿ qi®ë 23.6 ± 8.7%  17.8 ± 2.1% ¶biofilm 
_c£! CAM  _c£*,)
Ì. +phenol 
éR (di» 2467811) /ûØ£·TzÇ L. pneumophila 
  biofilm /_ (Fig. 10) ¼di» 248 g" 11 / 0.5 × 
MIC  ·ûqi  biofilm ¾! ]¿ qi®ë
.. 27.2 ± 16.3%34.9 ± 11.1%45.9 ± 5.4% g" 31.3 ± 18.6% ,
  biofilm _c£! CAM  _c£jÍf!.OH .
!~¹Çdi» 31315 g" 19 /ûØ£·TzÇ biofilm 
¾!sb .+ di»/ 0.5 × MIC  ·µbqi  
biofilm ¾! ]¿ qi®ë 144.3 ± 6.6% ~ 167.4 ± 34.0% sb
 ¼di» 3 ! L. pneumophila   biofilm ~sSÂ
/Ì 	L. pneumophila ~ß²/Ì didepside é
R di» 5  isochromen éR!biofilm ~!ý/Ì
	 (Fig. 8 & 11)  
 
 
 
 
 29 
 
 
 
 
 
 
  
0 !
25 !
50 !
75 !
100 !
125 !
150 !
175 !
200 !
225 !
CAM! CHG! CA! OM! OMAT!
Bi
ofi
lm
 fo
rm
ati
on
 (%
)!
0.5 × MIC"
0.25 × MIC"
0.125 × MIC"
0.0625 × MIC"
*
**
Fig.  8  Effects  of  CAM,  CHG,  CA,  OM  and  OMAT  on  Legionella 
pneumophila biofilm formation (**p < 0.01, *p < 0.05). The MIC values 
were CAM; 0.042 μg/mL, CHG; 0.8 μg/mL, CA; 48.0 μg/mL, OM; 10.7 
μg/mL and OMAT; 10.7 μg/mL.
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Fig.  9  Effects  of  didepside  derivatives  on  Legionella  pneumophila 
biofilm formation (**p < 0.01). The MIC values were compound 5; 8.0 
μg/mL,  compound  9;  8.0  μg/mL,  compound  10;  4.0  μg/mL  and 
compound 16; 8.0 μg/mL.
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Fig.  11  Effects  of  isochromen derivatives  on  Legionella  pneumophila 
biofilm  formation.  The  MIC  values  were  compound  12;  1.7  μg/mL, 
compound 14; 2.0 μg/mL, compound 17; 6.7 μg/mL and compound 20; 
8.0 μg/mL.
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Ð  2 Ó Biofilm \  L. pneumophila ~-ß²åU  
 
 Oakmoss *,eúdi» J³ð Legionella ×ß~¼
ß²/Ì didepside éR (di» 591016)  isochromen 
éR (di» 12141720) biofilm \ L. pneumophila ~
-ß²/¬ß· (MBCs) åU Ø£/ Table 6 Ì
  
 1 ô û!oakmoss /k'$ æþdi»! biofilm \ L. 
pneumophila ~ªß²/Ì	 24 ô 48 ô û
!didepside éR  3 di» (di» 5910)  isochromen éR
  1 di» (di» 12) 
 biofilm \ L. pneumophila ~®ëÇQ·
¬ßÇSÂ/Ì .+ di»  biofilm \ L. pneumophila ~
- MBC Y!24 ô û! 32.0 ~ 74.7 μg/mL48 ô û! 32.0 
~ 64.0 μg/mL, Y! CAM  CHG  MBC Y (24 ôā64.0 μg/mL 
 58.7 μg/mL48 ôā42.7 μg/mL) jÍ %.+ di
»  24 ô 48 ô û- MBC Y!x!è(+.
	 ³ð L. pneumophila ~ß²/Ì oakmoss (OM  
OMAT)  CA !$ ô biofilm \ L. pneumophila ~
!ªß²/Ì	  
 
 
 
 
 
     
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MBC (μg/mL)
  1 h 24 h 48 h
Natural fragrance ingredients
  OM > 256.0 > 256.0  256.0
  OMAT > 256.0 > 256.0  256.0
Didepside derivatives
  5    256.0       74.7       64.0 
  9    256.0       58.7       37.3 
  10    213.3       32.0       32.0 
  16 > 256.0  > 256.0  > 256.0 
Isochromen derivatives
  12 ≥ 256.0       53.3      42.7
  14 > 256.0  ≥ 256.0     256.0 
  17 > 256.0  > 256.0  > 256.0 
  20 > 256.0  ≥ 256.0     213.3 
Reference compounds
  CAMa) > 256.0       64.0      42.7
  CHGb) > 256.0       58.7       42.7 
  CAc) > 256.0  > 256.0     234.7 
MBC values  are  means  obtained  from three  independent  duplicated 
experiments. a) Chlorhexidine gluconate, b) Clarithromycin,#
c) Cinnamic aldehyde.
Table 6  Bactericidal activities of oakmoss and its components against#
Legionella pneumophila JCM7571 in biofilm
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Ð  3 Ó Ù}  
 
 ¡Ï!Ü¸ÀrJ Legionella ×ß - biofilm ÉÈ
oakmoss  oakmoss 	+eúdi»  L. pneumophila   biofilm 
~-ý biofilm \ L. pneumophila ~-ß²/åU  
 ¡ËÎ®ë~¹»êÂ CAM 63, 64)CHG68) g" CA 69–71) 
!.%§×ß  biofilm ~_c£/Ì
pl
.- CAM / L. pneumophila JCM7571 ûØ£biofilm 
¾!x¶ _c£!·TzÇ Q·  CAM !
biofilm ¦ï/ud1+ßRv^ (EPS)  ^±/_-Ù+
., 72, 73)j§ B4=9A*, L. pneumophila   biofilm )_
) Ù+.- 	CHG  CA ! L. pneumophila   biofilm  
/_10CAM !Ã-SÂ¨*,N ×ß  biofilm /
_-
Ìm. .%×ß  biofilm _c£ SÂ¨
×ÚÛ# Z| 71, 74)swimming motility  _ 71)×ßÉ _
75)g" twitching motility  _ 76) Ñ
pl.- ¡ËÎ!didepside 
éR  2 di» (di» 9  16) 
 ]¿ qi®ë 50% OH
) L. pneumophila   biofilm /_ Didepside éR!..
¦ïJ-¯òo 
Ã,¯òo  di» 16 
)
 biofilm _c£/Ì  	+biofilm ~-SÂ !
¯òo *-»¿d{Ç½õV-Ù+.
¡ËÎ
 SÂ¨ ä!Ý+	 %phenol éR  6 di» (d
i» 2467811) 
L. pneumophila   biofilm /_ 
.+ di»!di» 2 /÷¦ïJ28:Do/-	+28
:Do zn
 biofilm _ý-
Ìm.
didepside é
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Rj§ SÂ¨ ä!Ý+	 G$  
isochromen éR! L. pneumophila   biofilm ý/Ì	 
Isochromen éR!^yó
x	¦ïJ0D5Do/-
	+N di»*,)Ä¯
ĀÙ+. 
 biofilm 
ý/Ì	õI-
Ìm. Oakmoss ! biofilm 
_SÂ/-w di»/k'Goakmoss (OM  OMAT)  )
 /û1qiL. pneumophila   biofilm !s. j§
phenol éR di» 31315 g" 19 /ûØ£  biofilm 
¾!ĀY .+ di»!2 W ¯òo ô0D;
?<o/[î¦ï-	+0D;?<o zn
  L. 
pneumophila   biofilm sý-
L.
ç×SÂ
 ä¢!Ý+	 Hì §oakmoss J! L. pneumophila  
biofilm /s-â di»
k%.-
Ì. 	
.+ di» kó!¥(oakmoss   L. pneumophila   
biofilm sSÂ K^-!Ù Ofek + 75) Sandasi +
77)!Ā^ydi»
 biofilm  `«ø-ßR áüÉõI-
/pl,oakmoss   biofilm s) oakmoss k%.- Ê
 Ā^ydi»
õI-
Ìm.  
 ³ð L. pneumophila ~Āß²/Ì diepside éRg" 
isochromen éRbiofilm \ L. pneumophila ~-ß²/å
UØ£didepside éR  3 di» (di» 5910)  isochromen é
R  1 di» (di» 12) 
biofilm \ L. pneumophila ~ CAM 
 CHG  Ø£jÍ Āß²/Ì 	48 ô û
- biofilm \ L. pneumophila ~-di» 59 g" 10   MBC Y!
³ð L. pneumophila ~- MBC Y*,)Ö 4 XĀY,biofilm  
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zn
.+ di»~ùt-
Ì. Didepside 
éR Jdi» 16  &
 biofilm \ L. pneumophila ~ß²
/Ì	
di» 16 !¯òo 
	+N  didepside 
éR*,)Ä¯
ĀßRvwÔ/!(ã¯ »ê/wk
' biofilm J# íñ
Q(-Ù+.- %biofilm \ L. 
pneumophila ~ß²/Ì	 isochromen éR di» 14
17 g" 20 !isochromen éR o¡ÿ¤- 6-hydroxy-3-pentyl-1H- 
isochromen-1-one   8 P 6-pentylphenoxy o
Øi- .+ di
»!^yó)x0D5Do )w	+di» 12 *,)
+Ä¯
Ābiofilm \# di» íñ
Q( biofilm \ L. 
pneumophila ~ß²/Ì	) Ù+.- Oakmoss Ü
R!³ð L. pneumophila ~!Āß²/Ì
biofilm \ L. 
pneumophila ~!ß²/Ì	 Oakmoss !biofilm \ L. 
pneumophila ~Āß²/Ìdi»/âk'
 kó!
-	+³ð½ biofilm \Á½ ßR~-ß²
x
Á) Ù+.- GÞÇ´­à  CHG )biofilm 
\  L. pneumophila ~ß²/Ì   MBC Y!³ð  L. 
pneumophila ~- MBC Y*,) 50 XOHĀY,biofilm \#  
CHG  íñ
Q
Ìm.  
 ¡ËÎæþdi» Jdidepside éR
 L. pneumophila 
  biofilm /_	 biofilm \ L. pneumiphila ~Āß²
/Ì	+L. pneumophila ~-´­a# Â)Â
-
Ìm.  
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ã  3 â Oakmoss   oakmoss 	.iĔhpÌ"  Acanthamoeba 
castellanii !0½4BG@Â  A. castellanii `%"  L. 
pneumophila "oā(!0ė  
 
 eĂ"¸!ñÊÒ}M! Legionella êó# biofilm `"Ó
# 4BG@ä"jõ3NÓ/ÀÒ}M	." 
Legionella êó"µb4BG@"µb"č!#ÚĎ
0
Ü.1
0 28, 29) '4BG@ä!Ó Legionella êó#Ä¾f!£
¢3Þ 20, 30).!4BG@	.ąb Legionella êó#Ä¾f
!£¢3Ï0 31)
Ü.10 '/Legionella 
êó"N4BG@3đk	4BG@`%" L. pneumophila "oā(3
¡d0#¶*¯g E;7?C×ďºå" ¼ 0 
oakmoss  oakmoss 	.iĔhpÌ" A. castellanii !0½4BG@
Â A. castellanii `%" L. pneumophila "oā(%"ė3ûX  
 
ã  1 æ A. castellanii !0½4BG@ÂûX  
 
 Legionella êó"N4BG@HòØ  A. castellanii ATCC30234 
3ÔalamarBlue Á!-/½4BG@Â3ûX Table 7 !Þ¸!
phenol ýV" 6 hpÌ (hpÌ 678131519)didepside ýV"
hpÌ 5 m$ isochromen ýV" 2 hpÌ (hpÌ 12  20) 
24 ¬č
 48 ¬č"­ĕ!½4BG@Â3Þ 1."hpÌ"M
Í!hpÌ 5812 m$ 19 #½4BG@Â3Þ24 ¬č"­ĕ!
0 IC50 \#11 29.6 ± 3.034.4 ± 4.122.8 ± 4.6 m$ 34.9 ± 6.0 
µg/mL /48 ¬č"­ĕ# 16.3 ± 4.026.7 ± 2.617.5 ± 2.8 m$ 24.7 
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± 2.9 µg/mL  Í!hpÌ 5  12 "½4BG@Â#1'!
½4BG@Â3Þ
zs10 CHG78) "Âqß 
2 àĘ" oakmoss (OM  OMAT) + A. castellanii !½4BG@Â
3Þ
48 ¬č"­ĕ!0 OMAT " IC50 \ (10.5 ± 2.3 µg/mL) # 
OM " IC50 \ (24.8 ± 4.9 µg/mL) -/+¯!U\ (p < 0.01) 3Þ '
48 ¬č"­ĕ!0 OMAT "½4BG@Â#CHG "Âqß
!Â
24 ¬č"­ĕ!# OMAT "½4BG@Â
#CHG -/++" (p < 0.05)  '"R" phenol ýV
didepside ýVm$ isochromen ýV#100 µg/mL "Ç!+½4
BG@Â3Þ 	  
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 IC50 (μg/mL)
 24 h 48 h
Natural fragrance ingredients
  OM    81.3 ± 5.8    24.8 ± 4.9
  OMAT      69.3 ± 16.9    10.5 ± 2.3
Phenol derivatives
  1      >100.0     >100.0
  2      >100.0     >100.0
  3      >100.0     >100.0
  4      >100.0     >100.0
  6      >100.0    21.1 ± 8.8
  7    91.0 ± 0.7    23.9 ± 1.6
  8    34.4 ± 4.1    26.7 ± 2.6
  11      >100.0     >100.0
  13      >100.0    30.5 ± 12.9
  15    65.8 ± 7.6    30.5 ± 2.9
  18      >100.0     >100.0
  19    34.9 ± 6.0    24.7 ± 2.9
Didepside derivatives    
  5    29.6 ± 3.0    16.3 ± 4.0
  9      >100.0     >100.0
  10      >100.0     >100.0
  16      >100.0     >100.0
Isochromen derivatives    
  12    22.8 ± 4.6    17.5 ± 2.8
  14      >100.0     >100.0
  17      >100.0     >100.0
  20    82.9 ± 6.9    47.8 ± 3.1
Reference compounds    
  ABPCa)      >100.0     >100.0
  CHGb)    31.4 ± 1.2    13.2 ± 4.8
IC50 values are means ± SD obtained from three independent duplicated 
experiments. a) Ampicillin, b) Chlorhexidine gluconate.
Table 7  Amoebicidal activities of oakmoss and its components against 
Acanthamoeba castellanii ATCC30234 trophozoites
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ã  2 æ A. castellanii `%"  L. pneumophila "oā(!0ė  
 
 Oakmoss   oakmoss 	.iĔhpÌ"  A. castellanii `%"  L. 
pneumophila JCM7571 "oā(!0ė3ûX ±üĚ!#ě½
4BG@Â3Þ OMATdidepside ýV"hpÌ 5 m$ isochromen 
ýV"hpÌ 12.!Ãą L. pneumophila !ě¢óÂ3Þ
 didepside ýV"hpÌ 10  isochromen  ýV"hpÌ 14 3Ô
 Oakmoss 3r)&"hpÌ#0.25 × MIC "Ç 0-!þ©
P* L. pneumophila l# A. castellanii !­ĕ ¿ĀËÌÿe
xę"¼ē  L. pneumophila !  sub-MIC "Ç­ĕ0L. 
pneumophila " A. castellanii `%"oā(3¡d0g³
zs10 
ABPC79)3Ô  
 exę"¼ē L. pneumophila ! 0.25 × MIC "Ç 0-!üĚhp
Ì3­ĕvnóV3 A. castellanii  1 ¬č¥ù1¬" A. 
castellanii `!oā'1 L. pneumophila "Óó¨"Æë³3 Fig. 12−A 
!Þ OMAT  didepside ýV"hpÌ 5 3­ĕë³°aÑ"
{p¿Ā A. castellanii `%" L. pneumophila "oā(#«.	!¡d
1 (p < 0.05) "¬" L. pneumophila "Óó¨#4.5 × 101 ± 5.5 × 101 
CFU/mL (OMAT)  2.7 × 101 ± 1.8 × 101 CFU/mL (hpÌ 5) /°aÑ"
{p (2.1 × 104 ± 9.5 × 103 CFU/mL) !¿&!Å 1."Â#
ABPC " L. pneumophila "oā(!Kė (3.1 × 101 ± 3.2 × 101 CFU/mL) 
qß 'didepside ýV"hpÌ 10  isochromen ýV
"hpÌ 14 #OMAT hpÌ 5 "oā(¡dg³-/# 
.A. 
castellanii `%" L. pneumopihla oā(¡d "¬" L. pneumophila "
Óó¨#1.3 × 103 ± 1.7 × 103 CFU/mL (hpÌ 10)  1.6 × 103 ± 2.6 × 103 
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CFU/mL (hpÌ 14) /°aÑ"{p (2.1 × 104 ± 9.5 × 103 CFU/mL) ¿
&Å Hª"ë³#ËØ!½4BG@Â,Ãąm$ biofilm 
` L. pneumophila !ě¢óÂ3Þ isochromen ýV"hpÌ 
12 #A. castellanii `%" L. pneumopihla oā(!ė3Þ 	
  
 .!L. pneumophila  A. castellanii "_xę¬!üĚhpÌ3­ĕ
{pP* A. castellanii !üĚhpÌ3­ĕ{p"Õ 0 2 àĘ"²
S A. castellanii `%" L. pneumopihla oā(3ûX"ë³31
1 Fig. 12−B  12−C !Þ üĚ&"üĚhpÌ#."²
SJ!+ A. castellanii `%" L. pneumopihla oā(!ė3Þ
 	  
 
 
1.0.E+00!
1.0.E+01!
1.0.E+02!
1.0.E+03!
1.0.E+04!
1.0.E+05!
Con
trol!DMS
O!
ABP
C!
OM
AT!
Com
poun
d 5!
Com
poun
d 10
!
Com
poun
d 12
!
Com
poun
d 14
!
CF
U/
mL

* * *
* *
A
1.0.E+00!
1.0.E+01!
1.0.E+02!
1.0.E+03!
1.0.E+04!
1.0.E+05!
Con
trol!DMS
O!
ABP
C!
OM
AT!
Com
poun
d 5!
Com
poun
d 10
!
Com
poun
d 12
!
Com
poun
d 14
!
CF
U/
mL

B
 42 
Fig. 12 continued. 
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Fig. 12 Effects of oakmoss and its components on uptake of Legionella 
pneumophila  JCM7571  (ATCC33152)  into  Acanthamoeba  castellanii 
ATCC30234 at subinhibitory concentrations. A) A. castellanii was added 
to L. pneumophila, which was cultured in the presence of each sample. 
B) A. castellanii was added to L. pneumophila and each sample at the 
same time. C) A. castellanii, followed by incubation with the addition of 
each sample, was added to L. pneumophila. Each plate was incubated at 
37ºC for 1 h. The MIC values were ABPC; 2.0 µg/mL, OMAT; 10.7 µg/
mL, compound 5; 8.0 µg/mL, compound 10; 4.0 µg/mL, compound 12; 
1.7 µg/mL and compound 14; 2.0 µg/mL. Values were analyzed using 
Student’s t-test and data were presented as the mean ± standard deviation 
of three separate observations (*p <0.05 compared to the control sample).
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ã  3 æ ¤í  
 
 eĂ"¸!Legionella êó"4BG@ä"jõ%"Ó#"~»"
( .0Ä¾ô!0îÏ"É	.+ĉ÷ t3+ 
Legionella êó"N04BG@ä"jõ"đk Legionella êó
"jõ`%"oā(3¡d0#E;7?C×ďºå!¯g 
 ¼ /0  
 Oakmoss  oakmoss 	.iĔhpÌ" A. castellanii ATCC30234 !
0½4BG@Â3ûXë³¿ĀËÌÿÔ CHG 78) q
¸!´ ęV A. castellanii !½4BG@Â3ÞhpÌ
w
0
«.	  Phenol ýV" 6 hpÌ (hpÌ 67813
1519)didepside ýV" 1 hpÌ (hpÌ 5) m$ isochromen ýV" 2 
hpÌ (hpÌ 1220) 
 A. castellanii !½4BG@Â3Þ"
MhpÌ 5  12 " IC50 \#CHG " IC50 \qß"\3Þ 
Phenol ýV"hpÌ 468 m$ 11 #6-methylbenzoic acid 3_ă"·
Ą/1."hpÌ"½4BG@Â"#6<=Dy"]ċm
$ 4 T"B>8:y"w!ĎZ0
Þu1 hpÌ 46 m$ 8 
#6<=Dy"]ċ"Èé¨
 1 [0~/Èé¨
~0!
½4BG@Â
 0	.6<=Dy"]ċ"Č
½4B
G@Â!ĎK0í.1 q¸!hpÌ 31315 m$ 19 #
methylbenzaldehyde 3_ă"·Ą/1."hpÌ"½4BG@Â
"#6<=Dy"]ċl#6<=Dy
|é!ì§1
ĎZ
0
Þu1 Gomes . 53, 80) #1."hpÌ"6<=Dy"]ċ
"Č!-0ÖÀ"Ć
¢óÂêï¾""!ė03
zs/±Ýá!0½4BG@Â"Ć+q¸"WÔ¹!-
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0210 Didepside ýV" 4 à"hpÌM 3 hpÌ (hpÌ 910
16) #A. castellanii !½4BG@Â3Þ 	 1."hp
Ì" A. castellanii !0Â"#ÀĈy
B>8:y!ì§1¨
"Tì!-0ÌÑhØÎ"h
hpÌ" A. castellanii "êïð!
0ÚQWÔ!ė0!-/Ó0í.1 "#
isochromen ýV!+q¸"0¦10 Oakmoss ñV#
A. castellanii !üĚhpÌ"M®+½4BG@Â3Þ ±
Ýá oakmoss 	.iĔhpÌ"M½4BG@Â3ÞhpÌ"r
¯Ċ#U	.1."c"ÚOØg³+#½4BG@Â
3¯0°Ü"c"w
Þu1  
 Lück . 79) #sub-MIC Ç" ABPCimipenemCPFXerythromycin m
$ rifampicin _! L. pneumophila 3exę{pA. castellanii `%" L. 
pneumophila "oā(
Å03zs0 1."¢óô"M 
β-lactam è¢ÓÌÿ (ABPC m$ imipenem) #D-alanin transpeptidase 3Đ
0AE5Fp3¡dêïð"·Ą3h10
Legionella êó"Nêï%"¥Û,êï`Y^!ė0¦1
0 Didepside ýV"hpÌ 5 #ABPC qß! A. castellanii `%" L. 
pneuophila oā(3¡d
hpÌ 5 # β-lactam è¢ÓÌÿ# 
"¡dWÔ¹#  ABPC #Õ 0+"í.10 eĂ"¸!
Legionella êó" LPS #ÖÀ"ç-/·1/R"9CAĒ
êó-/+ð
ÖÀ 0 59–62) "	.hpÌ 5 #Lø
"ÿ!-/ LPS "ÖÀćc!Ù¥l#č¥Ø!WÔ0L. 
pneumophila "Nêï%"¥Ûl#êï`Y^!ĎK0êïöĖ,ð·
Ą3h10210 'oā(¡dg³3ÞhpÌ 5 Þ
 	hpÌ 10 #·ĄM"ÀĈy"¨ (hpÌ 5Ĝ3 [hpÌ 10Ĝ
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2 [) 
Õ /A. castellanii `%" L. pneumophila oā(¡dg³!#hp
Ì"ÖÀ/øÀ"@CF<
ĉ÷0
Þu1 Oakmoss ñV+
 A. castellanii `%" L. pneumophila oā(¡dg³3Þ 	
hpÌ 5 3#*oā(¡dg³3ÞhpÌ"r¯Ð#U
	.±Ýá#iĔ1 	°Ü"hpÌ!-0ė
Þu1 
.!isochromen ýV"hpÌ 12  14 #Ãą L. pneumophila !
½óg³3Þ
A. castellanii `%" L. pneumophila oā(¡dg³#
Þ 	 "	.1."hpÌ"¯0¢óWÔ¹#A. 
castellanii `%" L. pneumophila oā(#ĎZ" ćT0
Þu
1  
 Iú"ë³-/oakmoss 	.iĔhpÌ"M didepside ýV#
½4BG@Â3Þ	 A. castellanii `%" L. pneumophila "oā(
¡dg³3Þ	.E;7?C×ďºå"Ä¾f%"Ô!
¯Ô0
Þu1  
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 Legionella æðíÈÌv%KÌvâĆĉÌvÀEÍ)
V*'ÌvÀE biofilm %íÈÑF).;@8
âÍ)&(uåäÆ¾ñ¡ ,Ü 1#
Legionella æð&)>2/7<Ôēº#«öÆ¾ñďÖ
Á#'
*) 1²Ûá L. pneumophila ÊÒ× ðÄ
,ÜzÈĜª oakmoss ÚÙoakmoss 1*	'fĖcmÉÅċ 
Legionella æð) ðÄbiofilm X L. pneumophila ) ð
ÄL. pneumophila  biofilm )ęF.;@8)½
.;@8Äi L. pneumophila .;@8X jĈ")ę,û
T  
 2 àě oakmoss (OM  OMAT) ,SÎOM 	' phenol ýQ 12 
àdidepside ýQ 4 ài isochromen ýQ 3 àOMAT 	' OM 
o!* isochromen ýQ 1 àú 20 àcmÉ,fĖ 
1*'Edidepside ýQcmÉ 9  isochromen ýQcmÉ 20 
0*$«öcmÉ 3-methoxy-5-methylphenyl 2,4-dihydroxy-6-methyl 
benzoate  8-(2,4-dihydroxy-6-(2-oxoheptyl)phenoxy)-6-hydroxy-3-pentyl-1H- 
isochromen-1-one ),®'	  
 Oakmoss  oakmoss 	'fĖ 20 àcmÉìhÌv[Ė·
 L. pneumophila 3 ð·1L Legionella æð 4 ðàÅċËð
QÊÒ×Ğ ðÄ,Ü,®'	 !Legionella 
æðĞ ðÄ,±) oakmoss  ðRÎėð×

A¬«öcmÉ 9  20  ðRÎ½ð×),Ü  
 Oakmoss  oakmoss 	'fĖ 20 àcmÉEL. pneumophila 
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 biofilm ,]) 3 à didepside ýQ (cmÉ 91016)  6 
à phenol ýQ (cmÉ 2467811) 
o!*),õZ 
!biofilm X L. pneumophila 3 à didepside ýQ (cmÉ 
5910)  1 à isochromen ýQ (cmÉ 12) 
 ðÄ,Ü
Ä­|Æ¾ñ) CHG nßÄ),®'	
  
 'Legionella æðíÈÌvÀhKÌvÀEw¼],Ù
×Legionella æðF).;@8)½.;@8Ä
.;@8X  L. pneumophila jĈ")ę,ûT 1èµ
6 à phenol ýQ (cmÉ 678131519)1 à didepside ý
Q  (cmÉ  5) i  2 à  isochromen ýQ  (cmÉ  1220) 
  A. 
castellanii ½.;@8Ä,ÜÊcmÉ  5   12 Ä 
CHG nß½.;@8Ä,Ü,®'	 'oakmoss
2 à didepside ýQ (cmÉ 510) i 1 à isochromen ýQ (c
mÉ 12)  L. pneumophila  A. castellanii X jĈ"]bµ$Ü
,®'	  
 MB²Ûá&( oakmoss  oakmoss 	'fĖcmÉíÈÑ
) Legionella æðw¼~Úđ+)xÍÄÌ,Ĕ),
®'	*'cmÉ>2/7<Ôēº#±ÎÆ¾ñ(
)kë
Üq*  
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Ăć  
 ²Ûá,ó(ç{ã)£Ę¥,ą(!tôy
}ñ}čÓgÍÉ}ā ĉòþA ¦¤ă-ÝÐB!  
 !§±Ø	Č\`ù£,ą(!tôy}ñ}čÓ
gÍÉ}ā Aï Y¦¤&(Ăî!  
 Oakmoss ,#ĄĎĜªüª,[DC!Ĝª·NÞ
9>1<?3I¸²čW9>1<?3ÛáďÖč RÏrJ ¿'n¹ë
Ûá PGĐUH ¿&(Ăî!  
 ²}Oÿ©R(Ē÷¦Ü,ą(!F¶ tôy}ñ}
čñÉÕÂ}ā ÃÏ¨ ¦¤^ ¶ ÍÉ±¹c}ā ³Ïê¯ ¦¤'
^¶ dñpc}ā s²»l ¦¤ÇĂî!  
 °ĝĊóĕç{e_Ětôy}ñ}čÓgÍÉ}¦
Ā¿Ă)VNMR 3:06=i EI-MS ø´a,'*!
tôy}ĝ4?5@Ā¿ÇĂî!  
  
 
 
 
 
 
 
 
  
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1. mĞňò  
 éĬĵ!Legionella ¹Ľň 7 ňĳ c Ľň 4 ňĳ/Ğ 
Legionella ¹Ľň!L. pneumophila JCM7571 (Philadelphia 1SG 1)L. 
pneumophila GTC00748 (SG 6)L. pneumophila JBCC005 (environmental isolate)
L. bozemanii GTC09140L. dumoffii IID3047L. longbeachae IID3046 " L. 
micdadei IID3044 /Ğ  c Ľň!eōĦ9QOŹÎĽň 
Bacillus subtilis NBRC3134  Staphilococcus aureus JCM24139QOŸÎĽň
 Escherichia coli JCM5491  Pseudomonas aeruginosa JCM6119 /Ğ
 L. pneumophila JCM7571S. aureus JCM2413E. coli JCM5491 " P. 
aeruginosa JCM6119 !Ĝ­ĬĵÕH36RAY?@VBY)+Ŝv 
L. pneumophila GTC00748  L. bozemanii GTC09140 !»Ŵ¨­­ūĢÌ
ĝĘũiŚč@VBY)+Ŝv L. dumoffii IID3047L. longbeachae IID3046 
" L. micdadei IID3044 !ìb¨­ı­ĬĵÕÑðģźĬĵ@VBY)
+Ŝv L. pneumophila JBCC005 !ìbıùı¨­­ū ¼êĥ 
¥)+~řž B. subtilis NBRC3134 !ĤŭĬĵÕ)+Ŝv  
 
2. ƀëg  
 Legionella ¹Ľň!Buffered Charcoal Yeast Extract Agar supplemented with 
α-ketoglutarate containing L-cysteine (BCYE-α µ© pH 6.85Becton 
Dickinson and CompanyMJUSA) /Ğ37°C72 æųƀ( /
Ğ ŖƂĞ ĈjBCYE-α µ©)+ĄÎĔµ©/ŷ
 BYE-α Ĉj (pH 6.85) /mĞ BCYE-α µ© BYE-α Ĉj
 ĿÔ/ Table 8 į  
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  c Ľň!Trypticase Soy Agar  (TSA BD) /Ğ37°C
24 æųƀ( /ŖƂĞ ŖƂĞ ĈjMeuller Hinton 
II Broth cation adjusted  (MHBBD) /Ğ  
BCYE-α agar BYE-α broth
Yeast extract    1.0%    1.0%
ACES    1.0%    1.0%
Charcoal  0.15% −#
Iron(III) diphosphate, soluble  0.025% 0.025%
α-Ketogrutarate potassium salt     0.1%    0.1%
L-Cysteine hydrochloride   0.04%  0.04%
Agar    1.7% −#
Table 8  Compositions of BCYE-α agar and BYE-α broth 
 
 
3. mĞƁáÖňĘś  
 ©Ė"ÔƁá¸ ½ƁáòÄhİ)+~]- Absolute Mousse 
De Chene Selecta (OMCharabotFrance)Oakmoss Absolute AT 086 (OMAT
H. Reynaud & FilsFrance) " cinnamic aldehyde /Ğ üŞ·ėĘś
chlorhexidine gluconate (CHGWakoOsakaJapan)ampicillin (ABPC
Wako) " clarithromycin (CAMWako) /Ğ Ɓá oakmoss 	*Ż
Ę!dimethylsulfoxide (DMSO, Wako) ŧ¯ďőĞ  
 
4. Oakmoss $-,ÖňĄÎÔ~ ŻļŎ  
 OM (2.24 g) !:S.ť8UNE9QJ2Y)+Ļ~Ġ Sephadex 
LH-20 (GE Healthcare JapanTokyoJapan) /t¢ 30 × 500 mm  7QO
/Ğď}ďªƆ acetonitrile : methanol = 10 : 1ąŢƆ2 mL/min~ĠäĀƆ
10 mL/5 min/tube  ëg~Ġ  ÉŖƂĺ  280 nm ,
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uÃ (SPD-2AShimadzuKyotoJapan) /Č®1 ~ 7  Ġ~~Ġ (Fig. 
13) Ļ~ĠĠ~ Ű/ Table 9 į  
0.0 !
0.5 !
1.0 !
1.5 !
2.0 !
2.5 !
1! 6! 11! 16! 21! 26! 31! 36! 41! 46! 51! 56!61! 66! 71! 76! 81! 86! 91! 96!101!106!
A2
80
 nm
!
Tube numbers!
1 2 3 4 5 6 7
Fig. 13 Gel filtration chromatographic profiles of OM.   
Fraction numbers Tube numbers Weight (mg)
 1 12 ~ 17 514.4
 2 18 ~ 22 315.6
 3 23 ~ 29 218.4
 4 30 ~ 39 259.8
 5 40 ~ 47  72.9
 6 48 ~ 63 311.4
 7  64 ~ 101 116.5
Table 9  Yield of fraction separated from OM by Gel filtration!
chromatography
 
 
 Ġ~!º×}7YERD>,  Sep-pak octadecylsilica (ODS) 
cartridge (0.5 gclassicWaters CorporationMAUSA) ! Bond Elut phenyl 
cartridge (0.5 gAgilent Inc.CAUSA) /ĞĻļŎ/Ō º×}7
YERD> ď}ďª20406080 " 100% methanol /Ğ 
çľĦHPLC /ĞļŎ/Ō HPLC !LC-6A HPLC system 
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(Shimadzu) /Ğ7QOƆCapcell Pak C18 MG II (10 × 250 mmShiseidoTokyo
Japan)ď}ďªƆacetonitrile/waterąŢƆ4 mL/minó}Ɔ280 nm  ëg/
Ğ  
Ġ~ 1 !Sep-pak ODS cartridge /Ğ20406080 " 100% methanol 
)+zÃ~Ġ 20%  40% methanol ď}Ġ~  25% acetonitrile ëg
\  HPLC /ĞļŎ)+Ę 2 /Ë $60%80% " 
100% methanol ď}Ġ~)+60% acetonitrile ëg\  HPLC /ĞļŎ
)+Ę 111415 " 16 /Ë  
Ġ~ 2 !Bond Elut Phenyl cartridge /Ğ20406080 " 100% 
methanol )+zÃ~Ġ 20% methanol ď}Ġ~  35% acetonitrile ëg
\  HPLC /ĞļŎ)+Ę 36 " 7 /Ë $40% 
methanol ď}Ġ~  45% acetonitrile ëg\  HPLC /ĞļŎ)+
Ę 67 " 8 /Ë *60%  80% methanol ď}Ġ~  65% 
acetonitrile ëg\  HPLC /ĞļŎ)+Ę 10111315 
" 17 /Ë  
Ġ~ 3 !Sep-pak ODS cartridge /Ğ20406080 " 100% methanol 
)+zÃ~Ġ 20%  40% methanol ď}Ġ~  38% acetonitrile ëg
\  HPLC /ĞļŎ)+Ę 236 " 7 /Ë $
60%  80% methanol ď}Ġ~	*! 45% acetonitrile ëg\  HPLC /
ĞļŎ)+Ę 678 " 9 /Ë  
Ġ~  4 5 "  7 !--  35% acetonitrile/35 min É  65% 
acetonitrile/15 min (Ġ~ 4)35% acetonitrile/35 min É 75% acetonitrile/25 min 
(Ġ~ 5) " 50% acetonitrile/15 min É 80% acetonitrile/15 min (Ġ~ 7)  
ëg\  HPLC /ĞļŎ)+Ę 123456789
12141718 " 19 /Ë  
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Ġ~ 6 	*!70% acetonitrile ëg\  HPLC /ĞļŎ)+
Ę 1  14 /Ë  
OMAT (210 g) !=R7:S8UNE9QJ2Y)+Ļ~Ġ 
OMAT (30 g) /Silica Gel 60 (Kanto Chemical Co., Inc.TokyoJapan) /t¢
 47 × 360 mm  7QO/Ğď}ďª; hexane : ethyl acetate = 10 : 1
chloroform : methanol = 100 : 010 : 1 " 0 : 100 ( 3000 mL)  ëg~Ġ
 [Ŕ ëg),~Ġ/ 7  Ō OM !ó}-	
Ę/&
aÏ- chloroform : methanol = 10 : 1 Ġ~ (87 g) /zÃ=
R7:S7QO8UNE9QJ2Y)+~Ġ Chloroform : methanol = 
10 : 1 ď}Ġ~ (12 g) /Silica Gel 60 /t¢ 57 × 350 mm  7QO/Ğ
ď}ďªƆ chloroform : ethanol = 50 : 125 : 1 " 0 : 100 ( 3500 mL)  
ëg\~Ġ [Ŕ ëg),~Ġ/  7   Ō  ^
chloroform : ethanol = 25 : 1 ď}Ġ~ (23.7 g) / 60% acetonitrile ëg\  
HPLC /ĞļŎĘ 20 /Ë  
 
5. Ĝ­ĦÎęôţőí  
ŻĘ ~«Ű!EI−MS /ĞČ® EI−MS  Č®!
JMS-700 (JEOL Ltd.TokyoJapan) /Ğ UV ?L8ES Č®! V-530 
UV/VIS (Jasco Co.TokyoJapan) " RI ?L8ES Č®! FTIR-410 
(Jasco Co.) /Ğ UV ?L8ES Č®!Ŗá/ acetonitrile ďő1
Ō IR ?L8ES Č®!KBr /Ğ $NMR ?L8ES
Č®!JEOL α-500 (JEOL Ltd.) !  Varian NMR System 400 (Varian 
TechnologiesCAUSA) /Ğ Ę!acetone-d6chloroform-d1 ! 
methanol-d4/Ğďő  
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6. ŖƂňÓĒĈ ŘŎ  
 ç¸Ĥńŵ÷ēÃ (Minimum inhibitory concentrationMIC) ç¸ûňē
Ã (Minimum bactericidal concentrationMBC)  Č®" Time-kill assay !
0-(\Ŕ)+ŘŎŖƂňÓĒĈ/Ĉ Ĉ/Ĉj
ŧ¯ÀůĞ Legionella ¹Ľň! BCYE-α µ©ƀÉ
[ĪÛ 4 mL  ĐňĝĜſ¡ý/;N<PILDEňj/
  ÉĐňŖƂĺňĈ/ĲÝØZÓĒĈ  c
 Ľň!TSA âżƀÉĪÛ 4 mL  ĐňĝĜſ¡ý/
;N<PILDEňj/ Legionella ¹Ľň c Ľň ňj
Ĉ/ 600 nm ,uÃ
 0.1 (OD600 nm = 0.1) ,)ĐňĝĜ
ſ¡ýÀů-/ŖƂňÓĒĈ ĽňÓĒĈ ēÃ (colony 
forming unit (CFU)/mL / Table 10 į  
Bacterial name Concentration (CFU/mL)
Legionella spp.  
L. pneumophila JCM7571
1.7 × 108
L. pneumophila GTC00748
L. pneumophila JBCC005
L. bozemanii GTC09140
L. dumoffii IID3047
L. longbeachae IID3046
L. micdadei IID3044
Other bacteria  
B. subtilis NBRC3134 5.4 × 107
S. aureus JCM2413 6.3 × 107
E. coli JCM5491 1.5 × 108
P. aeruginosa JCM6119 2.1 × 108
Table 10  Concentrations of bacterial suspensions adjusted of OD600 nm = 0.1 
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7. Legionella ¹Ľň c Ľň·,ÖňĄÎŕn  
MIC  Č®!CLSI ĎĀ81) ÌŰĈjÀůĀøğ* ¦Ā38) 
ĎŌ 	Legionella ¹Ľň!ŖƂƁá ~ßĞ*
-, Tween 80 ·ÑÎ/į	*82)Tween 80 /mĞ,
ƁáĘ Àů/Ō ŖƂĘ!BYE-α Ĉj! MHB 
ÀůďőĈ512 µg/mL 	* 2 pÀů/lÔ ŖƂňÓĒ
Ĉ!ŖƂňÓĒĈ/ēÃ
 6.0 × 105 CFU/mL ,õ BYE-α Ĉj
! MHB ÀůŘŎ -- ŖƂĘ ÀůĈ 50 µL 
ŖƂňÓĒĈ 50 µL / 96 ĴN38UKTYE (Sumitomo Bakelite Co., Ltd.
TokyoJapan)  45S~ĂÉKTYE=YS (Sanko Junyaku Co., 
Ltd.TokyoJapan) /Ğ45S/´Ų ÜØXĉÉ37°C48 æ
ųƃLegionella ¹ĽňƄ! 20 æų ( c Ľň) ƀ ŖƂĘ  
MIC ! CLSI ĎĀ81)ƀÉ£úÿŶ!ćŤ,ňj è
ĕ/ĩŏŐ¶ MBC  Č®!MIC ®É 96 ĴN38UKTYE
	* BCYE-α µ©! TSA [ŖƂĈ/ 5 µL ?MDE37°C
72 æų! 24 æųƀÉ£ú èĕ/Ő¶ ŖƂ!ZŖƂ/ 
3 ł+ŠŌ Áq/þ'  
 
8. Time-kill assay 
Oakmoss  oakmoss 	*ŻĘ  L. pneumophila JCM7571 ·
,ŀæĦÖňï!time-kill assay )+ŕn Time-kill assay !CLSI 
ĎĀ83) Baltch *84) äĀĎŌ ŖƂňÓĒĈ!ŖƂň
ÓĒĈ/çľēÃ
 3.0 × 105 CFU/mL ,õ BYE-α Ĉj 30 mL 
ÀůŘŎ ŖƂňÓĒĈ/UYBRY=5Y7Y (NR-3TITEC
SaitamaJapan) ÙĨ\ (150 rpm)37°C12 æųƀÉŖƂĘ
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/ 1 × MIC  2 × MIC  ēÃ,)ĊÉz" 37°C ÝØ 
(150 rpm)  ŖƂĘ/Ċ,Ī (0 æų) ĊÉ 13612
24 " 48 æųÉƀĈ/ÚŖƂĈ ŖƂĈ!ĪÛ! 
Buffered saline supplemented with 0.01% gelatin (BSG) )ŧ¯ÀůÉ
ÀůĈ 100 µL / 3 î  BCYE-α µ©[ ¿37°C72 æųƀ
 ƀÉÇÔ-;UFYà/œČŖƂĈ^  L. pneumophila  
ēÃ (CFU/mL) /Ĺ} ŖƂ!ZŖƂ/ 3 ł+ŠŌœ 9 
î  BCYE-α µ©	*Ë*-ŁïÁq ± öĎr¾ (Mean 
± S.D.) /Ĺ}  
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ĸ  2 ķ °Ƃ ū  
 
1. mĞňò  
 L. pneumophila   biofilm ÇÔ·,ÈŽ biofilm y L. pneumophila 
·,ÖňĄÎŕn!L. pneumophila JCM7571 (Philadelphia 1SG1) /Ğ
  
 
2. ƀëg  
 ĸ 1 ķ °Ƃ ū 2. įäĀÊ  
 
3. mĞƁáÖňĘś  
 Ɓá!ĸ 1 ķ °Ƃ ū 3. į oakmoss  cinnamic aldehyde /Ğ
 $ŖƂ! oakmoss )+Ż 20 ĳ Ę/Ğ üŞ·
ėĘśCAM  CHG /Ğ  
 
4. ŖƂňÓĒĈ ŘŎ  
 Biofilm ÇÔ·,ÈŽ biofilm y L. pneumophila ·,ÖňĄÎŕ
n!0-(\Ŕ)+ŘŎŖƂňÓĒĈ/Ğ Legionella ¹Ľ
ň! BCYE-α µ©ƀÉ[ĪÛ 4 mL  ĐňĝĜſ¡ý
/;N<PILDEňj/  ÉĐňŖƂĺňĈ/Ĳ
ÝØZÓĒĈ Legionella ¹Ľň ňjĈ/ OD600 nm = 
0.1 ,)ĐňĝĜſ¡ýÀů  
 
5. L. pneumophila   biofilm ÇÔ·,ÈŽŕn  
Oakmoss  oakmoss 	*ŻĘ  L. pneumophila JCM7571   
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biofilm ÇÔ·,ÈŽ/ŕn ŖƂňÓĒĈ!ŖƂňÓĒĈ/çľ
ēÃ
 3.0 × 105 CFU/mL ,õ BYE-α Ĉj 15 mL ŘŎ Ŗ
ƂňÓĒĈ!UYBRY=5Y7YÙĨ\ (150 rpm)37°C72 æų
ƀÉ2.0 × 103 CFU/mL ,õ BYE-α ĈjÀů ŖƂň
ÓĒĈ L. pneumophila · 1 × MIC ~ 0.125 × MIC  ēÃ,)
ÀůŖƂĘ/ 96 ĴN38UKTYE 50 µL 0~Ă (çľē
ÃƆ0.5 ~ 0.0625 × MIC)37°C96 æųƀ ƀÉƀĈ/Åŷ
N38UKTYE/ BYE-α Ĉj 2 ăĆ  É1% crystal 
violet ďĈ/ 100 µL 0~Ă±ċ 15 ~ų biofilm /ðŇ k~
 crystal violet /ŷŉġý 3 ăĆÉ33% ŬŮ/ 200 µL 0
~Ă±ċ 10 ~ųÝØ
* crystal violet /ďő ŦÍ~Ż 
(3220 × g25°C5 ~) Éã 96 ĴN38UKTYE crystal violet ď
őĈ/ 125 µL 0ĲN38UKTYERYCY (Model 550Bio-Rad 
LaboratoriesCAUSA) /Ğ 570 nm (A570 nm) ,uÃ/Č® 
Blank L. pneumophila /Ċ % ( /õ äĀ
ðŇĞ Biofilm ÇÔĚ (%) !\Ŕ œĹÄ)+Ĺ}  
Biofilm formation (%) 
A570 nm of sample-treated wells – A570 nm of blank!
A570 nm of 0.5% DMSO-treated wells – A570 nm of blank
=                                     100
 
ŖƂĘ  1  ēÃ 6 45S/ĞZŖƂ/ 3 ł+Š
ŌÁq ± öĎr¾ (Mean ± S.D.) /Ĺ} *Student’s t-test 
/Ğ p q/þ'èÐ¾/ŕn  
 
6. Biofilm y  L. pneumophila ·,ÖňĄÎŕn  
 Oakmoss   oakmoss 	*ŻĘ  biofilm y  L. pneumophila 
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JCM7571 ·,ÖňĄÎ!f\ äĀ)ŕn ŖƂňÓĒĈ!
ŖƂňÓĒĈ/çľēÃ
 3.0 × 105 CFU/mL ,õ BYE-α Ĉj 
15 mL ÀůŘŎ ŖƂňÓĒĈ!UYBRY=5Y7Y (NR-3
TITEC) ÙĨ\ (150 rpm)37°C72 æųƀÉ1.0 × 103 CFU/mL 
,õ BYE-α ĈjŘŎ ŖƂňÓĒĈ/ 96 ĴN38UKTY
E 100 µL 0~Ă37°C96 æųƀ  ŷ" BYE-α Ĉ
j  2 ăĆÉBYE-α ĈjŖƂĘ  2 pÀů  (256 
µg/mL ~ ŖƂĘ  MIC)/lÔbiofilm /ÇÔ1 96 ĴN38U
KTYE 100 µL 0~Ă37°C 124 " 48 æųƀ ƀ
ÉƀĈ/ŷ BYE-α Ĉj 2 ăĆPBS / 100 µL 0
~ĂđÝØ, biofilm /ĭ¤ Biofilm "ňj/&
ÓĒĈ/ BCYE-α µ© 5 µL 0?MDE37°C48 æųƀ
É£ú èĕ/Įŗ ZŖƂ!3 ł+ŠŌ  
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ĸ  3 ķ °Ƃ ū  
 
1. mĞňò1PYH  
 ŖƂňòL. pneumophila JCM7571 (Philadelphia 1SG 1) /Ğ 
L. pneumophila  ³_1PYH!American Type Culture Collection )+
Ŝv Acanthamoeba castellanii ATCC30234 /Ğ  
 
2. ƀëg  
-80°C {Ło¬- A. castellanii !ő{ÉPeptone Yeast Glucose 
(PYG pH 6.5) /Ğ25°C10 åųƀ ĳŖƂĞ, A. 
castellanii !PYG  25°C4 åųƀÉAcanthamoeba buffer (Ac buffer
pH 6.5) /ĞÓĒĈ/lÔ PYG " Ac buffer  ĿÔ/ Table 
11 į  
PYG medium! Ac buffer!
Proteose peptone No. 3! 2.0%! −!
Yeast extract! 0.1%! −!
Glucose! 1.8%! 1.8%!
Sodium citrate2H2O! 0.1%! 0.1%!
MgSO4 7H2O! 4.0 mM! 4.0 mM!
CaCl2! 0.5 mM! 0.5 mM!
Fe(NH4)2(SO4)2 6H2O! 0.05 mM! 0.05 mM!
Na2HPO4 7H2O! 2.5 mM! 2.5 mM!
KH2PO4! 2.5 mM! 2.5 mM!
Table 11  Compositions of PYG medium and Ac buffer 
 
 
3. mĞƁáÖňĘś  
 Ɓá!ĸ 1 ķ °Ƃ ū 3. į oakmoss  cinnamic aldehyde /Ğ
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 $ÖňĘś oakmoss )+Ż 20 ĳ Ę/Ğ 
üŞ·ėĘśABPC  CHG /Ğ  
 
4. L. pneumophila   A. castellanii  ÓĒĈ ŘŎ  
 L. pneumophila  1PYHy# ş%·,ÈŽŕn!ňj
Ĉ/ OD600 nm = 0.4 ,)ĐňĝĜſ¡ýÀů( /Ğ   
 A. castellanii !PYG ƀÉŦÍ~Ż (250 × g25°C5 ~) 
Ac buffer  3 ăĆ Ac buffer zÓĒÉZū/ 0.4 %(w/v) trypan 
blue ďĈ (Wako) ðŇG3W045SÞņŋěœĹħ (C-ChipDigital 
BioKorea) /Ğñƀj1PYHà/œČ ñƀj1PYHēÃ/
Ĺ}ÉÉš ŖƂ 1PYHēÃ,)Ac buffer ŧ¯Àů
  
 
5. A. castellanii ·,û1PYHĄÎŕn  
 Oakmoss  oakmoss 	*ŻĘ  A. castellanii ·,û1P
YHĄÎ/ŕn Oakmoss /&ŖƂĘ!100 mg/mL  ēÃ,
) DMSO ďő CHG " ABPC !Đňŉġýďő 
-* ŖƂĘ!200 20 " 2 µg/mL ,) Ac buffer Àů
 DMSO !1PYH ĝń"ÇÒÈŽ/įēÃ (çľēÃƆ
0.1%) Ğ û1PYHĄÎ!McBride *85) Martin-Novarro *86) ä
Ā/ŃalamarBlue Ā/Ğŕn A. castellanii ÓĒĈ (4 × 106 
cells/mL) 50 µL /  96 ĴN38UKTYE  (Greiner Bio-One Co. Ltd.
FrickenhausenGermany) ~ĂÉ37°C  3 æųƀ1PYH/KTY
E Âdī1  ÉAc buffer ÀůŖƂĘ/ 50 µL 0
Ċ37°C  24 ! 48 æųƀ ƀľ` 6 æų alamarBlue® 
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reagent (InvitrogenCarlsbadCAUSA) / 10 µL/well 0ĊŨuëg
\zÃ  37°C   6 æųƀ ƀÉŊuKTYERYCY 
(SpectraMax M5Molecular Devices Japan, Tokyo, Japan) /Ğŝāű 560 
nmƅŊuāű 590 nm Ūs- alamarBlue Ű/ŊuÆÃČ® 
ŖƂĘ û1PYHĄÎ!50% ĝńŵ²ēÃ (IC50 q) ŕn
 $ŖƂ!ZŖƂ/ 3 ł+ŠŌÁq ± öĎr¾ (Mean 
± S.D.) /Ĺ}  
 
6. A. castellanii y#  L. pneumophila  ş%·,ÈŽŕn  
 Oakmoss  oakmoss 	*ŻĘ  L. pneumophila   A. castellanii 
y# ş%·,ÈŽ/ŕn ŕnäĀ!Lück *79) Moffat *87)
 äĀ/ŃãĮĶA) a' L. pneumophila /ŖƂĘ|
Ĝ,äĀB) L. pneumophila  A. castellanii  xƀæŖƂĘ/|Ĝ
,äĀC) a' A. castellanii ŖƂĘ/|Ĝ,äĀ  3  äĀ
/Ğŕn  
 A) L. pneumophila  ŖƂĘ),|Ĝ!f\ õŌ çľē
Ã
 0.25 × MIC ,) ABPCOMATĘ 51012 " 14 /
Ċ BYE-α Ĉj 15 mL  L. pneumophila ÓĒĈ/ 3 × 106 
CFU/mL  ēÃ,)ÀůUYBRY=5Y7Y (NR-3TITEC) 
ÙĨ\ (150 rpm)37°C24 æųƀ  É3220 × g  5 ~ųŦÍ
~Żňj/ĐňĝĜſ¡ý 1 × 107 cells/mL ŘŎ( /
ŖƂňÓĒĈ ZäA. castellanii ÓĒĈ (1 × 105 cells/mL) !100 µL 
0 96 ĴN38UKTYE (Sumitomo Bakelite Co., Ltd.) ~ĂÉ37°C  
1 æųƀ1PYH/KTYE Âdī1  N38UKTYE
 45Sš õŘŎ L. pneumophila ÓĒĈ/ 10 µL 0Ċ
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 (multiplicity of infection (MOI) of 10)  
 B) L. pneumophila !3 × 106 CFU/mL  ēÃ,õ BYE-α Ĉj 
15 mL ÀůUYBRY=5Y7Y (NR-3TITEC) ÙĨ\ (150 rpm)
37°C24 æųƀ  É3220 × g  5 ~ųŦÍ~Żň
j/ĐňĝĜſ¡ý 1 × 107 cells/mL ŘŎ( /ŖƂňÓĒĈ 
ZäA. castellanii ! 2.0 × 105 cells/mL ,õ Ac buffer ÀůA. 
castellanii ÓĒĈ A. castellanii ÓĒĈ 50 µL / 96 ĴN38UKTY
E~ĂÉ37°C  1 æųƀ1PYH/KTYE Âdī1 
 N38UKTYE 45S[Ŕ  L. pneumophila ÓĒĈ/ 10 µL 
0Ċ*çľēÃ
 0.25 × MIC ,) Ac buffer Àů
 ABPCOMATĘ 51012 " 14 / 40 µL 0Ċ (MOI 10)  
C) A. castellanii  ŖƂĘ),|Ĝ!f\ õŌ A. 
castellanii /çľēÃ
 0.1 × MIC   ABPCOMATĘ 51012 " 
14 /& PYG  25°C  4 åųƀ250 × g  5 ~ų~ŻŦÍ
 A. castellanii /  A. castellanii !Ac buffer  1 × 105 
cells/mL  ēÃ,)ÀůÉ96 ĴN38UKTYE 100 µL 0
~Ă37°C  1 æųƀ1PYH/KTYE Âdī1 
 138UKTY 45S B) õŘŎ L. pneumophila ÓĒ
Ĉ/ 10 µL 0Ċ(MOI 10)  
 A) ~ C) ŘŎw KTYE!250 × g  20 ~ųŦÍ,
 L. pneumophila  A. castellanii /ÛŒ1É37°C  1 æųƀ 
A. castellanii   L. pneumophila /ĽŅyş$1 ş%ľ`ÉA. 
castellanii ! Ac buffer  3 ăĆgentamicin 100 µg/mL è Ac buffer 
/ 100 µL 0~Ă37°C  1 æųƀ,ĽŅ§ňj/ŷ 
zÃAc buffer  3 ăĆÉ0.04% TritonX-100 è Ac buffer / 100 
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µL 0~Ă±ċ  10 ~ųÜØ  A. castellanii /ĭ¤ A. 
castellanii ĭ¤Ĉ!BSG ŧ¯Àů BCYE-α µ© ¿37°C 
 72 æųƀÉÇÔ-;UFYà/œČA. castellanii y  L. 
pneumophila  ēÃ (CFU/mL) /Ĺ} w ŖƂ!1  ēÃ
 3 45S0mĞZŖƂ/ 3 ł+ŠŌ A. castellanii y L. 
pneumophila  ēÃ!Áq ± öĎr¾ (Mean ± S.D.) /Ĺ}Student’s 
t-test èÐ¾/őí  
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